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Summary
The complicated, welded plate connections are conventional details adopted in the design
of ship shaped structures. If these plate connections are not adequately designed, signifi-
cant fatigue cracking may initiate undetected in structures. Historically, little research has
been conducted on full spectral fatigue analysis using both the hydrodynamic loading and
associated refined solid finite element (FE) models with detailed weld representations. The
present investigation on alternative designs of longitudinal connections forms a consistent
basis for fatigue assessment of ship shaped structures. Moreover, experience has shown that
the construction of a ship shaped structure, which can completely resist fatigue cracking,
is economically infeasible. Thus flaw assessment on a fitness for purpose basis is needed
to identify the limiting conditions for failure. The complexities on fracture behavior for
welded connections introduced by welds, weld strength mismatch and residual stress, are
investigated in this study. In design practice the effects of mismatch in fillet welds is not
explicitly considered. Similarly the implementation of residual stress in the crack driving
force has not been well addressed.
The objective of the current study is to obtain a better insight of the fatigue analysis
procedure for plate connections in ship shaped structures and to use fracture mechanics
approach as a complementary tool to analyze existing flaws that may cause catastrophic
failure and/or incur great repair costs.
In this study a fatigue analysis procedure based on MSC.Patran and Abaqus is proposed.
The procedure is more convenient than the software package recommended by classifica-
tion society because the supplementary development abilities, such as PCL language in
vii
MSC.Patran and Python script in Abaqus, are widely used in the proposed procedure. A
linear hydrodynamic program with Green’s function method is developed in Matlab and
embedded into MSC.Patran PCL environments. The fatigue lives of alternative designs
for longitudinal connections are computed and compared using the above fatigue anal-
ysis procedure. In this study, more than 6000 FE analyses have been conducted using
Abaqus/Standard. The solid element model with detailed weld representations is recom-
mended to analyze fatigue problems in large and complex structures. However, it will
involve more complex modeling protocol and increase the computational costs significantly.
In this regard, the submodelling technique can be used to reduce modeling and compu-
tational efforts. In this study, the results illustrate that a design with stiffener/bracket
attached to longitudinal, with various stress relieving profiles and extended collar plate
have different effects on the fatigue lives, and there is no single design to eliminate all the
fatigue problems. A more optimal solution is to drive the fatigue problems to the preferred
locations, where relieving profile and mitigation technique can be carried out more easily.
A significant mismatch condition in the longitudinal connections exists among attach-
ments (stiffener/bracket), welds and longitudinal. Root crack as an initial flaw, which exists
in the non-penetrating fillet weld of longitudinal connection, is normally neglected in the
fatigue analysis with S-N approach. This research describes effects of weld strength mis-
match on the elastic-plastic driving force of root crack resided in the cruciform joint, which
is simplified from typical longitudinal connections. The results demonstrate that the crack
driving force increases with decreased weld strength. The residual stress fields is gener-
ated by thermal stress analysis procedure prior to application of the structural loads. The
J-integral computations show clearly the beneficial effects of compressive residual stresses
and significant fracture toughness demand from tensile residual stresses.
The presence of residual stresses may affect the fracture behavior significantly. Thus it
is a challenge to calculate correctly applied crack driving force for critical crack size. In this
study an eigenstrain approach is proposed to impose the residual stress fields to 3-D FE
models. The residual stress fields generated by the proposed eigenstrain functions closely
viii
match the measurements in the published literature. A method without crack propagation
analysis is developed to calculate the applied crack driving force versus load for a particular
cracked structure. With the effects of residual stresses the predicted curves agree well with
the experimentally measured JR curve.
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